Halogenated hydrocarbons (CC14, BrCCl3, 1,1-dichloroethylene, bromobenzene) cause a wide spectrum of dysfunction and injury in liver cells. An early effect of CC14, BrCCl3, and 1,1-dichloroethlylene is destruction of the Ca2 -sequestering ability of the endoplasmic reticulum, and it has been suggested that this lesion leads to subsequent disruption of other cell functions. Work to test this hypothesis has begun in this and other laboratories. While it appears that redistribution of intracellular Ca2" does occur following these agents, the importance of this in cell injury is not fully resolved. Current results suggest Ca2" redistribution may be involved in some cases (e.g., surface blebbing caused by bromobenzene), but not in others (e.g., inhibition of lipid secretion by CC14).
Introduction
Halogenated hydrocarbons such as CC14, BrCCl3, bromobenzene, 1,1-dichloroethylene, and others, are potent hepatotoxins which cause a wide spectrum of hepatocellular dysfunctions (e.g., surface blebbing, decreased lipid secretion, fatty liver, decreased protein synthesis, loss of glycogen, and ultimately, cell necrosis). It is generally considered that the hepatotoxicity of these compounds is dependent upon their metabolism by cytochrome P-450 in the mixed-function oxidase system of the liver endoplasmic reticulum (ER). In some cases (CC14, BrCC13) this enzyme catalyzes NADPH-dependent carbon-halogen bond cleavage with formation of highly reactive free radicals. It is usually considered that free radicals are too reactive to traverse significant intracellular distances, yet a number of cell functions remote from the ER are ultimately affected. Thus, it seems likely that some "toxigenic second messenger" must be formed which is capable of eliciting structural and functional abnormalities at distant loci. Considerable effort has been devoted to identification of this putative second messenger, and most investigations have focused on cytotoxic fragments derived from peroxidation of membrane lipids. However, as recently discussed (1) , there is some reason to doubt that molecules of this sort are the primary mediators of haloalkane hepatotoxicity, and interest in this laboratory has turned toward another possible toxigenic second messenger, calcium ion.
The "Calcium Hypothesis"
Moore et al. (2) were the first to observe that an early consequence of CC14 poisoning in rats was destruction Another prominent hepatic dysfunction following CCl4 poisoning is inhibition of VLDL secretion (10) . We have sought to determine whether Ca2 + might be a mediator of this dysfunction. VLDL secretion by isolated hepatocytes is inhibited much more rapidly after CC14 treatment than is the Ca2+ sequestering activity of the ER (11) . Also, the dose-response curve for CC14-induced loss of VLDL secretion is left-shifted (about 2-fold) from that of ER calcium sequestration. This lack of correlation suggests, but does not prove, that destruction of the Ca + sequestering system of the ER is not required for the CCl4-dependent inhibition of VLDL secretion. Incubation of hepatocytes with A23187 in the presence of various extracellular Ca2+ levels did not result in inhibition of VLDL secretion (11) . Taken together, these observations suggest that disturbances in intracellular Ca2' may not be an important step in CCl4-induced inhibition of VLDL secretion.
Role of Extracellular Calcium
While the total Ca2 + content of liver rises significantly within 1 hr of exposure to CC14, there is a much larger rise about 12 to 24 hr after poisoning (12) . This late increase in liver calcium is thought to reflect a decrease in the integrity of the hepatocyte plasma membrane with concomitant influx of Ca + from the medium. Absence of Ca2+ in the medium during this time has a protective effect, diminishing cell injury as judged by trypan blue exclusion (13) . However, influx of extracellular Ca2+ does not appear to be required for the earlier injuries to the cell. For example, experiments in this laboratory have shown that CCl4-induced inhibition of VLDL secretion is essentially unaffected by the absence of extracellular Ca2+ (11) . Similarly, Smith et al. (14) reported that several hepatotoxins (including CCl4 and bromobenzene) were actually more toxic to hepatocytes in the absence than in the presence of extracellular Ca2 . It 
